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ABSTRACT (250 words max) 21
We investigate patterns of historical assembly of tree communities across Amazonia using a newly 22 developed phylogeny for the species-rich neotropical tree genus Inga. We compare our results with 23 those for three other ecologically important, diverse and abundant Amazonian tree lineages, 24
Swartzia, Protieae and Guatteria. Our analyses using phylogenetic diversity metrics demonstrate a 25 clear lack of geographic phylogenetic structure and that local communities of Inga and regional 26 communities of all four lineages are assembled by dispersal across Amazonia. The importance of 27 dispersal in the biogeography of Inga and other tree genera in Amazonian and Guianan rain forests 28 suggests that speciation is not driven by vicariance and that allopatric isolation, following dispersal, 29 may be involved in the speciation process. A clear implication of these results is that over 30 evolutionary timescales the metacommunity for any local or regional tree community in the Amazon 31 is the entire Amazon basin. 32
33

SIGNIFICANCE STATEMENT (120 words max) 34
The Amazon is largely covered by contiguous rain forest. Nevertheless, previous studies have 35 suggested that past geological and climatic events as well as limited seed dispersal may have 36 restricted the movement of tree lineages across the Amazon. Using a phylogenetic approach, we 37
show that dispersal into local communities and larger regions in the Amazon appears not to have 38 been limited on evolutionary timescales. Rather, local communities have been assembled by 39 lineages from across the Amazon. These results contrast with those from seasonally dry tropical 40 forest, where closely related species are clustered in geographic space. Further, our results suggest a 41 role for dispersal as an initiator for geographic isolation that may lead to speciation in Amazonian 42 trees. 43
INTRODUCTION 45
Amazonia is well known to have the most species-rich tree communities on the planet, with more 46 than 300 species (≥10 cm diameter) found in a single hectare (1). These communities are assembled 47 7
DISCUSSION 145
The primacy of historical dispersal in the assembly of local and regional communities 146 Our results demonstrate that tree communities at local (for Inga) and regional scales (for Inga, 147
Swartzia, Protieae and Guatteria) are assembled by dispersal across Amazonia. Species in all local 148
Amazonian Inga communities and virtually all regional communities across all lineages are a random 149 draw from the phylogeny in each of our exemplar taxa. This shared pattern is found despite the 150 different fruit morphologies of these lineages, which reflects a variety of vertebrate dispersers. Inga 151 is primarily dispersed by primates; Protieae's small endozoochorous fruits attract a wide variety of 152 birds, bats, and terrestrial mammal species (31); Guatteria has been observed to be eaten by 153 primates and birds (32); and Swartzia is dispersed by birds (33), primates (34) and in one species, 154 water (35). 155
The only exception to this lack of phylogenetic geographic structuring is found outside of Amazonia 156 in the rain forests of Atlantic coastal Brazil (in Swartzia and Guatteria) and Central America 157 (Swartzia, Inga, Protieae). The phylogenetic clustering found in these areas may reflect that they are 158 isolated from the Amazon by major physical barriers -the Andes mountains for Central America and 159 a 'dry diagonal' of seasonally dry vegetation formations across eastern Brazil for the Brazilian 160
Atlantic coast (36,37). In addition, the presence of physical barriers isolating these non-Amazonian 161 areas has been suggested as an explanation for greater phylogeographic structure found there 162 amongst populations of Symphonia globulifera, a widespread tree species (38). 163
The implication of the lack of geographic phylogenetic structure demonstrated here is that, on 164 evolutionary timescales, the metacommunity for any regional or local tree community in the 165
Amazon is the entire Amazon basin. This does not preclude a role for ecological filtering in the 166 assembly of local communities. Our own and other previous work shows that Inga species in Madre8 de Dios have clear habitat preferences and that environmental filtering affects species composition 168 of Inga communities (39-41). Further, our work has shown Inga species that defend themselves 169 against herbivores in distinct ways are more likely to co-occur, signifying filtering based on herbivore 170 defence traits (42). Thus, ecological processes clearly can play a role in local community assembly. 171
However, the species that may populate any given region and provide species for local communities 172 could have ancestry from anywhere in the Amazon and from any clade of the Inga phylogeny. 173
Interestingly, the average relatedness of co-occurring congeneric species differs markedly among the 174 four genera we study here (Fig. S2 ). For example, the average phylogenetic distance between co-175 occurring Inga species is 3 myrs (divergence time of 1.5 myrs), while that among Protieae species is 176 36 myrs. This could have significant implications for the level of ecological interaction among co-177
occurring Inga versus Protieae species, for example competition might be considered to be more 178 intense amongst Inga species because of their recent divergence (43), which could in turn influence 179 the composition of local and regional communities. However, our analyses tend to suggest that the 180 average phylogenetic distance among co-occurring species of a given genus may simply depend on 181 the age of the genus, although the exact phylogenetic distance estimates will depend on how well 182 the genus has been sampled phylogenetically. Further, the high degree of sympatric co-occurrence 183 observed for the species-rich genera we study here suggests that there may not be strong 184 constraints on the number of co-occurring congeneric species, especially if they differ in herbivore 185 defence traits (42,44,45). One of the key factors influencing the number of co-occurring species of a 186 given genus in a given Amazonian tree community may simply be the total diversity of that genus in 187 the Amazon, because dispersal into regions, which provide species for local communities, does not 188 seem to be limited (46). 189
We emphasise that the generality of our results may only apply to larger trees, and that there are which could then lead to speciation. This model is also consistent with patterns in some Amazonian 235 tree lineages of phylogenetic nesting of species within paraphyletic progenitor species (57). An 236 alternative model would be more localised speciation followed by sufficient dispersal, which could 237 also result in the random phylogenetic composition of tree communities that we show here, and 238 also nesting of species within paraphyletic ancestors. Such local speciation could be via hybridisation 239 or adaptation to soil types (6,8,30,58). The documented inter-sterility of sympatric Inga species (59)argues against a role for hybridisation in speciation of that genus, but our biggest challenge to 241 understanding the mechanism of speciation is that rampant dispersal may overwrite the original 242 signature of genetic divergence. To distinguish the relative importance of ecological divergence, 243 breeding systems and allopatric isolation in driving diversification of Amazonian trees, it would be 244 fruitful to characterise further the variation in the functional ecology, biology and underlying 245 genetics of species of Inga and other diverse tree genera across their ranges. 246
247
MATERIALS AND METHODS 248
Sampling 249
In the Amazon basin and Guianas, together comprising what we term Amazonia, we sampled 181 250
Inga individuals, representing 105 total species (including 20 unidentified morphospecies). Outside 251 of the Amazon basin, we sampled two species in Ecuador west of the Andes, three species in the 252 Caribbean, and 23 species in Central America. In total our phylogenetic sampling for Inga included 253 four local communities and seven regional communities and comprised 210 individuals from 124 254 species (Tables S1, S2 ). This represents many more accessions and more than double the species 255 sampling in prior Inga phylogenies (39,42,60; sampled from 37 to 55 species]). Because our goal was 256 to sample as many species as possible in individual local and regional communities, we sampled 44 257 of the total 124 species more than once, because these species were present in more than one 258 region. We did not sample any species more than once within any one local or regional community. aligned using MAFFT (68) and then adjusted manually, which was straightforward given low 286 sequence divergence. The phylogeny was estimated under a maximum likelihood framework usingestimate node support (69). The phylogeny was subsequently time-calibrated using penalised 289 likelihood (70), where the crown age was constrained to 6 myrs (following 24,60). 290
The Inga phylogeny resolves numerous clades with reasonable bootstrap support (Fig. 2, Fig. S1) downloaded from Genbank and a phylogeny was estimated under a maximum likelihood optimality 307 criterion as described above for Inga with a single partition and model because all loci reported are 308 from the chloroplast genome. This phylogeny was subsequently time-calibrated using penalised 309 likelihood where the crown age was constrained to 17.2 myrs following Erkens et al. (65) . 310
Analyses of geographic phylogenetic structure 311 and regions (across all groups). In the case of Inga, we were able to sample all or nearly all species in 313 four local communities (see above) at Los Amigos and Madreselva Biological Stations (Peru), 314
Nouragues Research Station (French Guiana) and Barro Colorado Island (Panama) (Fig. 1) . The scale 315 of the local communities varied from ~6 km 2 (Madreselva) to 15.6 km 2 (Barro Colorado Island). 316
We defined 13 geographic regions with sufficient sampling (≥5 species in nearly all cases) that could 317 be analyzed across the different phylogenies ( we conducted a series of sensitivity analyses to assess if our results were robust to our approach of 329 only assigning accessions to the regions in which they were collected, and this revealed no effect on 330 our results (see SI). 331
If closely related species within a clade (in this case Inga, Swartzia, Protieae or Guatteria) are found 332 near each other in geographic space because they originated by local, in-situ speciation with little 333 subsequent dispersal then we would expect the phylogenetic diversity represented by species in 334 regions and local communities to be less than that if the same number of species were drawn 335 randomly from across the phylogeny. Conversely, if distant dispersal is common over one or multiplegenerations, causing local and regional communities to be assembled stochastically from a widegeographic pool, then we expect that the phylogenetic diversity in communities and regions would 338 be more commensurate with a random draw from the phylogeny. We evaluated phylogenetic 339 diversity using three metrics described above. The null expectations for each of these metrics, and 340 the uncertainty around them, were calculated by randomly drawing the same number of species as 341 present in communities/regions from the phylogeny and repeating this process 999 times. 342
Significant phylogenetic clustering for a given community/region was deemed to be present when 343 the observed phylogenetic diversity metric was less than the lower 2.5% quantile of the randomly 344 generated distribution for that species richness, while significant overdispersion would be indicated 345 by a value greater than the 97.5% quantile. In our primary analyses presented in the main text, the species lists for a given geographic region are 623 comprised of all species in a region that were sampled by accessions in the phylogeny. An alternative 624 approach would be to include all species present in the phylogeny that are known to occur in the 625 region based on their overall distribution (rather than just those that were sampled by accessions 626 from the region in our phylogeny). Our primary approach has the advantages that it does not 627 assume monophyly of species (and not all Inga species are monophyletic, see Fig. S1 ) and does not 628 assume perfect taxonomy and knowledge of species' distributions. However, it does mean that 629 species lists for a given region may not include many species that are found in the region. As can be 630 seen in examining the x-axis in Figures 3, S2 and S3, our level of sampling for different regions varies 631 greatly. Thus, we also conducted additional analyses assigning Inga species to each region in which 632 they are known to occur, based on distributions in Pennington (1997) and our own field work. As 633 many species in the phylogeny are represented by multiple accessions, we randomly selected a 634 single accession for each species. This random selection introduces stochasticity into calculations, so 635 we repeated this process 999 times. For each repetition, we started with a topology randomly 636 
